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Description 



This invention relates to certain 3-substituted pyrrolidine derivatives. The compounds of the invention are 
muscarinic receptor antagonists which are selective for smooth muscle muscarinic sites over cardiac muscar- 
inic sites and which do not have any significant antihistamine activity. Thus the compounds are useful in the 
treatment of diseases associated with altered motility and/or tone of smooth muscle which can. for example 
be found in the gut, trachea and bladder. Such diseases include irritable bowel syndrome, diverticular disease! 
urinary incontinence, oesophageal achalasia and chronic obstructive airways disease. 

EP-A-0235463 describes certain N-substituted-arylalkyl and arylalkylene aminoheterocyclics as cardio- 
vascular antihistaminic and antisecretory agents. 

According to the invention there are provided compounds of the formula:- 




(I) 



and their pharmaceutical^ acceptable salts, 
wherein 

Y Is a direct link, -CH r , -(CH^-, -CH 2 0- or -CH 2 S~; 
RIs -CNor-CONH 2 ; 

and 

R 1 is a group of the formula:- 




where 

X and X 1 are each independently O or Cht; 
mis 1,2 or 3; 

and 

"Het" is pyridyl, pyrazinyl or thienyl. 
R is preferably -CONH 2 . The compounds in which R is CN are useful as synthetic intermediates. 

m is preferably 1. 
R 1 is preferably 




where X t X 1 , m and "Het" are as defined for formula (I). 
R 1 is more preferably:- 
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25 




or 



Y is preferably a direct link or-CH r . 

Y is most preferably -CH2- 
n Het" is preferably pyridyl. 

10 The anticholinergic activity of the present compounds resides in both the 3R-forms and 3S-fQrms, i.e., 

the compounds having R and S stereochemistry, respectively, at position 3 of the pyrrolidine ring, and of course 
in the 3R t S-(racemic) forms of the compounds (I). The 3S- forms are generally the most active. 

The pharmaceutical ly acceptable salts of the compounds of formula (I) (R=CONH 2 ) include acid addition 
salts such as the hydrochloride, hydrobromide, hydrofluoride, sulphate or bisulphate, phosphate or hydrogen 

15 phosphate, acetate, besylate, citrate, fumarate, gluconate, lactate, maleate, mesylate, succinate and tartrate 
salts. For a more comprehensive list of pharmaceutical^ acceptable salts see, for example, the Journal of 
Pharmaceutical Sciences, Vol. 66, No. 1, January 1977, pages 1-19. These salts can be prepared convention- 
ally, e.g. by mixing a solution of the free base and the acid in a suitable solvent, e.g. ethanol, and recovering 
the acid addition salt either as a precipitate, or by evaporation of the solution. 

20 The compounds of the formula (I) can be prepared by a number of routes, Including the foflowing:- 

Route A 



This can be illustrated as follows:- 




30 c ^ + Q-CH^Y-R 1 ^ Compounds (I) 



N-H 



35 (II) (III) 



Y, R and R 1 are as defined for formula (I) and Q is a leaving group, e.g. Br, CI, I, C r C 4 alkanesulfonyloxy 
40 (e.g. methanesuHbnyloxy), benzenesulfonyloxy, toluenesulfonyloxy (e.g. p-toluenesulfonyloxy) or trif luorome- 
thanesulfonyioxy. Preferably, Q Is CI, Br, I ormethanesurfonylaxy. 

The reaction is preferably carried out in the presence of an acid acceptor such as sodium or potassium 
carbonate or bicarbonate, triethyiamlne or pyridine, and in a suitable organic solvent, e.g. acetonitrile, at up to 
the reflux temperature. Reaction temperatures of 60-1 Q5°C are usually desirable and it is generally convenient 
45 to carry out the reaction under reflux, although in some instances the reaction may proceed at a suitable rate 
at room temperature, lodo is often a particularly suitable leaving group but since the starting materials (III) are 
sometimes most conveniently available as chlorides tho reaction can also bs carried out using the compound 
(III) as a chloride but in the presence of an iodide such as sodium or potassium iodide. In the preferred tech- 
nique, the compounds (II) and (III) are refluxed together In acetonitrile in the presence of potassium carbonate 
so or sodium bicarbonate. The product (I) can be isolated and purified conventionally. 

The 3R,S-, 3R- or 3S- forms of the starting material (ii) can be used so as to obtain the 3R.S-, 3R- or 3S- 
forms, respectively, of the product (I). 

The starting materials of the formula (II) can be obtained by conventional procedures such as those de- 
scribed in the following Preparations. The starting materials of the formula (III) are in general known com- 
55 pounds which can be prepared by conventional techniques. The preparation of any novel starting materials of 
the formula (III) used in the Examples Is however described in the following Preparations section. 



3 
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Route B 

The compounds of the formula (I) in which R is -CONH 2 can also be prepared by the hydrolysis of the 
corresponding nitriles, e.g. using concentrated aqueous mineral acid (typically concentrated aqueous H2SO4). 

The hydrolysis is typically carried out using concentrated aqueous sulphuric acid, preferably 80-98% sul- 
phuric acid and most preferably 95% H2SO4, with heating at e.g. 70-11 0°C. The product can then be isolated 
and purified by conventional procedures. 

Route C 

This route is useful for preparing compounds in which Y is -CH 2 - and R 1 is 2- or 4-pyridyl or pyrazinyl and 
can be represented as follows:- 




R is as defined forformula (I). Clearly the vinyl group must be attached to the 2- opposition of the pyridine 

ring. 

The reaction Is typically carried out with heating, e.g. at about 60° to 110°C and preferably under reflux, 
in a suitable organic solvent, e.g. dioxan. In some instances, the use of a basic (preferably a strong base which 
is soluble In an organic solvent such as N-benzyltrlmethylammonlum hydroxide [Triton B"]) or acidic (preferably 
a C r C 4 alkanoic acid) catalyst may be beneficial. 

Route D 

Compounds of the formula (I) in which R is -CONH 2 and R 1 is a group of the formula:- 

can be prepared by the reduction of the corresponding compounds of the formula (I) in which R 1 is a group of 
the formula:- 




The reduction can be carried out conventionally, e.g., by hydrogenation or by using stannous chloride, tributyltln 
hydride or a trialkysilane (e.g. triethylsllane). 



EP 0 388 054 B1 



The preferred technique is catalytic hydrogenation, typically using rVPd/C at from about atmospheric pres- 
sure up to about 60 psi (413.6 kPa) in a suitable solvent, e.g. acetic acid. 

5 Route E 

This route, which prepares a compound of the formula (I) in which R is -CONH 2 , Y is -CrV and R 1 is 2,3- 
dihydrobenzofuran-5-yl or indan-5-yl, involves the reduction of a compound of the fOrmulai- 



^S 



20 where R 1 is 



25 




where the dotted line represents an optional bond. 

The reduction can be carried out similarly to Route D above. When the dotted line represents a bond, the 
30 reduction will reduce both the carbonyl group and the double bond in the 2,3-position of the benzofuran-5-yi 
group. 

The preferred technique is again catalytic hydrogenation {e.g. using rtyPd/C) in a suitable solvent e.g. 
acetic acid, and preferably under a hydrogen pressure of 40-60 psi (275.7 to 413.6 kPa). The starting materials 
(IV) can be prepared by conventional techniques such as those illustrated in Preparations 18 and 19. 
35 The selectivity of the compounds (l,R=CONH 2 ) as muscarinic receptor antagonists can be measured as 
follows. 

Male guinea pigs are sacrificed and the ileum, trachea, bladder and right atrium are removed and suspend- 
ed in physiological salt solution under a resting tension of 1 g at 32°C aerated with 95% 0 2 and 5% CO2. Con- 
tractions of the ileum, bladder and trachea are recorded using an isotonic (ileum) or isometric transducer (Wad- 
40 der and trachea). The frequency of contraction of the spontaneously beating right atrium is derived from iso- 
metrically recorded contractions. 

Dose-response curves to either acetylcholine (ileum) or carbachd (trachea, bladder and right atrium) are 
determined using a 1-5 minute contact time for each dose of agonist until the maximum response is achieved. 
The organ bath is drained and refilled with physiological salt solution containing the lowest dose of the test 
45 compound. The test compound is allowed to equilibrate with the tissue for 20 minutes and the agonist dose- 
response curve is repeated until the maximum response is obtained. The organ bath is drained and refilled 
with physiological salt solution containing the second concentration of test compound and the above procedure 
is repeated. Typically four concentrations of the test compound are evaluated on each tissue. 

The concentration of the test compound which causes a doubling of the agonist concentration to produce 
50 the original response is determined (0A2 value - Arunlakshana and Schild (1959), Brit J. Pharmacol., 14, 46- 
56). Using the above analytical techniques, tissue selectivity for muscarinic receptor antagonists is determined. 

Activity against agonist induced bronchoconstriction or gut or bladder contractility in comparison with 
changes in heart rate is determined in the anaesthetised dog. Oral activity is assessed in the conscious dog 
determining compound effects on, for example, heart rate, pupil diameter and gut motiity. 
55 Compound affinity for other cholinergic sites is assessed in the mouse after either intravenous or intra- 
peritoneal administration. Thus, the dose which causes a doubling of pupil see is determined as well as the 
dose which inhibits the salivation and tremor responses to intravenous oxotremorine by 50%. 

For administration to man in the curative or prophylactic treatment of diseases associated with the altered 
motility and/or tone of smooth muscle, such as irritable bowel syndrome, diverticular disease, urinary incorv 
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tinence, oesophageal achalasia and chronic obstructive airways disease, oral dosages of the compounds will 
generally be in the range of from 3.5 to 350 mg daily for an average adult patient (70 kg). Thus for a typical 
adult patient, individual tablets or capsules will typically contain from 1 to 250 mg of active compound, in a suit- 
able pharmaceutical^ acceptable vehicle or carrier for administration singly or in multiple doses, once or sev- 
eral times a day. Dosages for intravenous administration will typically be within the range 0.35 to 35 mg per 
single dose as required. In practice the physician will determine the actual dosage which will be most suitable 
for an individual patient and it will vary with the age, weight and response of the particular patient The above 
dosages are exemplary of the average case but there can, of course, be individual instances where higher or 
lower dosage ranges are merited, and such are within the scope of this invention. 

For human use, the compounds of the formula (I) (f^CONHz) can be administered alone, but will generally 
be administered in admixture with a pharmaceutical carrier selected with regard to the intended route of ad- 
ministration and standard pharmaceutical practice. For example, they may be administered orally in the form 
of tablets containing such excipients as starch or lactose, or in capsules or ovules either alone or in admixture 
with excipients, or in the form of elixirs or suspensions containing flavouring or colouring agents. They may 
be injected parenterally, for example, intravenously, intramuscularly or subcutaneously. For parenteral admin- 
istration, they are best used in the form of a sterile aqueous solution which may contain other substances, for 
example, enough salts or glucose to make the solution isotonic with blood. 

In a further aspect the invention provides a pharmaceutical composition comprising a compound of the 
formula (I) in which R is CONH* or a pharmaceutical^ acceptable salt thereof, together with a pharmaceut- 
ically acceptable diluent or carrier. 

The invention also includes a compound of the formula (I) in which R is CONH 2 or a pharmaceutical ly ac- 
ceptable salt thereof, for use as a medicament, particularly for use in the treatment of irritable bowel syndrome. 

The invention further includes the use of a compound of the formula (I) in which R is CONhfe, or of a phar- 
maceutical^ acceptable salt thereof, for the manufacture of a medicament for the treatment of diseases as- 
sociated with the altered motility and/or tone of smooth muscle, such as irritable bowel syndrome, diverticular 
disease, urinary incontinence, oesophageal achalasia and chronic obstructive airways disease. 

The invention yet further includes the novel intermediates of the formula (IV). 

The following Examples illustrate the invention: 

EXAMPLE 1 

(A) Preparation of 3-(R,5H1-carba>TK>yl-1,1-diphen 
dine 




Amixture containing 3-(R t S)-(1-carbamoyl-1,1-diphenylmethyl)pyrrolidine (0.33 g - see Preparation 8), 5- 
(2-bromoethyl)-2,3-dihydrobenzofuran (0.25 g - see Preparation 13), anhydrous potassium carbonate (0.3 g) 
and acetonitrile (10 ml) was heated under reflux for 2 hours. The mixture was partitioned between dichloro- 
methane (50 ml) and 10% aqueous potassium carbonate (10 ml), the layers were separated, and the aqueous 
layer extracted with dichloromethane (3 x 20 ml). The combined dichloromethane extracts were dried (MgS0 4 ) 
and concentrated in vacuo to leave a gum which was purified by column chromatography on sBica eluting with 
dichloromethane containing methanol (0% up to 8%). The product-containing fractions were combined and 
concentrated In vacuo to leave an oil which was crystallised from diisopropyi ether to give the title compound 
as a colourless powder, yield 0.17 g, m.p. 131-132°C. 
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Analysis % :- 

Found: CJ8.90; H.7.70; N.6.28; 

5 Calculated for C^Hot^: C.78.84; H.7.90; N.6.57. 

*H N.m.r. (CDCI 3 ) 8 = 7.50-7.20 (m, 11H); 7.00 (s, 1H); 6.90 (d, 1H); 6.70 (d, 1H); 5.45-5.30 (bra, 1H); 4.60- 
4.50 (t, 2H); 3.60-3.45 (m, 1H); 3.25-3.15 (t. 2H); 3.05-2.50 (m, 8H); 2.10-1.95 (rn, 2H) ppm. 
(B) A similar procedure starting with S-tSH-HI-^^Q^^.^'P^^y^^MJpyrrolidine (1.95g-see Prep- 
aration 10(B)) gave 3-(S)-(-)-(1-carbamoyl-1 ,1-dipheny1methyl)-1-[2-(2 f 3-d ihyd robe nzofuran-5-yl)ethyl]pyrro- 

10 lidine as a foam, yield 1.9 g, [a]£- 20.6° (c 1.0, CH2CI2). 

£C£ AsimOar procedure starting with 3-(R)-(+>-(1-carbamoyl-1,1-dipheny1methyi)pyrro!!dine (2.8 g - see Prep- 
aration 11) gave 3(R)-(+)-(1 -carbamoyl- 1 ,1 -dip henyimethy1)-1- [2-(2, 3-d ihydrobenzofuran-5-yl)ethyl]pyrrolF 
dine as a foam, yield 1 .7 g, [a]£ ♦ 18.1 (c 1.0, CHjCy. 

15 EXAMPLE 2 

(A) Preparation of 3-(R,5)-(1-(^banroyl-1,1-diphenylm^ 



20 




A mixture containing 3-(R,S)-(1-carbamoyl-1,1-diphenylmethyl)pyrrolkJine (0.6 g - see Preparation 8), 5- 
(2-bromoethyl)indane (0.49 g - see Preparation 14), anhydrous potassium carbonate (0.6 g) and acetonitrile 
(20 mi) was heated under reflux for 1 .25 hours. The mixture was partitioned between 10% aqueous potassium 

30 carbonate (10 ml) and dlchloromethane (50 ml), the layers were separated and the aqueous layer extracted 
with dichloromethane (3 x 100 ml). The combined dichloromethane extracts were dried (MgS0 4 ) and concen- 
trated in vacuo to give a gum which was purified by column chromatography on silica eluting with dichlorome- 
thane containing methanol (0% up to 6%). The product-containing fractions were combined and concentrated 

^ in vacuo to give the title compound as a foam, yield 0.29 g. 

Analysis %: - 

Found: C.80.59; HJ.99; N,6.11; 

Calculated for C»H 32 N 2 0. V4 H 2 Q: C.80.33; H.7.67; N,6.46. 
40 *H N.m.r. (CDCt 3 ), 8 = 8.00-7.70 (brs, 1H); 7.50-7.20 (m, 1 0H); 7.15 (d, 1H);7.05(s, 1H);6.95(d, 1H);5.45- 
5.30 (brs, 1H); 3.55-3.40 (m, 1H); 3.00-2.60 (m, 12H); 2.60-2.40 (m, 1H); 2.15-1.90 (m t 3H) ppm. 
(B) A similar procedure starting with 3-(SH-)-(1-carbamoyl-1,1-dlphenylmethyl)pyrrolld!ne (0.64g - see Prep- 
aration 10(B)) gave 3-(SH^-(1-carbarrray1-1,lKjlphen yield 0.34 g f 
[a]?-10.4 o (c1.0 t CH 2 Cl2). 

45 
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EXAMPLE 3 

Preparation of 3-(R,SH1~cartorm)yl-1,1-dipheny^ 



CONH 



Ph 



Ph 




fH 



+ 



cr 




Ph 



Ph 




A mixture containing 3-(R T S)-(1-carbamoyl-1,1-diphenylmethyl)pyrrolidine (0.75 g - see Preparation 8), 
3,4-methylenedloxybenzyi chloride (0.51 g - commercially available), anhydrous potassium carbonate (0.75 
g) and acetonitrile (30 ml) was stirred at room temperature for 30 minutes. The mixture was partitioned between 
10% aqueous potassium carbonate (20 ml) and dlchloromethane (50 ml), the layers were separated and the 
aqueous layer extracted with dichloromethane (3 x 50 ml). The combined dichioromethane extracts were dried 
(MgS0 4 ) and concentrated in vacuo to give a foam which was purified by column chromatography on silica 
eluting with dichloromethane containing methanol (0% up to 1 0 %). The product-containing fractions were com- 
bined and concentrated in vacuo to give the title compound as a foam, yield 0.5 g. 



Analysis 

Found: C.74.15; H,6.26; N,6.56; 

Calculated for C 26 H 26 N 2 O v 1/4 H 2 0: C,74.53; H,.6,38; N,6.69. 



1H N.mx (CDCI 3 ), 5 = 7.45-7.20 (m t 11H); 6.80-6.65 (m, 3H); 5.95 (s, 2H), 5.60-5.50 (brs, 1H); 3.60-3.40 (m, 
3H); 2.90-2.70 (m, 2H); 2.70-2.55 (m, 1H); 2.50-2.40 (m, 1H); 2.05-1.90 (m, 2H) ppm. 



Preparation of 3-(KSH1-carbamoyl-1,1-diphen^ 



Amixture containing 3-(R,S)-(1-carbamoy!-1 ,1-diphenylmethyl)pyrrolidine (0.3 g - see Preparation 8), 3,4- 
methylenedioxyphenethyl bromide (0.247 g - see Preparation 16), anhydrous potassium carbonate (0.4 g) and 
acetonitrile (10 ml) was heated under reflux for 3 hours. The mixture was allowed to cool to room temperature. 



CVAMDI C A 




CONH 



CONH, 



Ph 



Ph 
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water (6 ml) was added and the mixture was extracted with dichloromethane (3 x 50 ml). The combined di- 
chloromethane extracts were dried (MgS0 4 ) and concentrated jn vacuo to give a colourless foam which was 
purified by column chromatography on silica eluting with dichloromethane containing methanol (0% up to 6%). 
5 The product-containing fractions were combined and concentrated in vacuo to give the title compound as a 
colourless foam, yield 0.27 g. 



10 



15 



20 



Analysis 

Found: C, 73.44; H.6.46; N.6.62; 
Calculated for 

C 27 H 28 N 2°3* 1/3 CH 2 C1 2 : C,73,69; H,6.48; N.6.29. 



iHN.m.r. (CDCl 3 ) 5 = 7.80-7.60 (brs t 1H); 7.50-7.15 (m, 10H); 6.75-6.60 (m, 3H); 5.95 (s, 2H); 5.45-5.35 (brs, 
1H); 3.55-3.40 (m f 1H); 3.Q0-2.40 (m, 8H); 2.10-1.90 (m, 2H) ppm. 



EXAMPLE 5 




Preparation of 3-(R t S)-(1-carbanrK>y1-1 t 1-diphenylmethyl)-1-[2-{2-pyridinyl)ethyi]pyrrd 

30 ^ N 

A mixture containing 3-{R,S)-(1-carbamoyH ( 1-dlph8nyImethyl)pyrroIidine (1.0 g - see Preparation 8), 2- 
vlnylpyridine (0.5 g) and 1,4-dloxane (10 ml) was heated under reflux for 20 hours. On cooling to room tem- 
perature the mixture was filtered and the filtrate was diluted with water (100 ml) then extracted with dfchloro- 
35 methane (3 x 50 ml). Th8 combined dichloromethane extracts were dried (MgS0 4 ) and concentrated in vacuo 
to give a brown oD which was purified by column chromatography on silica eluting with dichloromethane con- 
taining methanol (2% up to 10%). The product-containing fractions were combined and concentrated in vacuo 
to give the title compound as a colourless foam, yield, 0.31 g. 



40 



45 



A nalysis % :- 

Found: C,71.10; H.6.84; N,9.95; 
Calculated for 

C 25 H 27 N 3 O.H 2 0.1/4 CH 2 C1 2 : C,71.39; H,6.99; N,9.89. 



so iH-N.M.R. (CDCI 3 ) 6 = 8.50 (d, 1H). 7.60 (t, 1H), 7.50-7.10 (m, 13H), 5.80-5.65 (brs, 1H). 3.75-3.60 (m f 2H), 
3.30-2.80 (m, 7H), 2.45-2.25 (brm. 1H), 2.15-2,00 (m, 1H) ppm. 



65 
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EXAMPLE 6 

Preparation of 3-(R.SH1-carbamoyl-1^ 




A mixture containing 3-(R,S)-(1-carbamoyi-1,1.diphenyimethyi)pyrrolidine (0.3 g - sea Preparation 8), 6- 
(2-bromoethyl)-1,4-benzodloxan (0.26 g - see Preparation 21), anhydrous potassium carbonate (0.4 g) and 
acetonitrile (10 mi) was heated under reflux for 3 hours. On cooling to room temperature, water (40 ml) was 
added and the mixture was extracted with dichloromethane (3 x 30 ml). The combined dichloromethane ex- 
tracts were dried (MgS0 4 ) and concentrated in vacuo to give a foam which was purified by column chroma- 
tography on silica eluting with dichloromethane containing methanol (0% up to 10%). The product-containing 
fractions were combined and concentrated in vacuo to give the title compound as a colourless foam, yield, 0.21 

g. 

Analysis %: - 

Found: CJ2.87; H.6.72; N,5.88; 

Calculated for C28H3oN 2 03.H 2 0: C.73.01; H,6.95; N t 6.08. 

'H-N.M.R. (CDCI 3 ) 6 = 7.50-7.20 (m, 11 H) f 6.80-6.75 (d, 1 H) t 6.70-6.60 (m, 2H), 5.45-5.35 (brs, 1H), 4.25 (s 
4H), 3.60-3.45 (brs, 1 H), 3.00-2.60 (m, 8H), 2.10-1.90 (m, 2H) ppm. 

EXAMPLE 7 

Preparation of 3-(S)-(-)-(1 -carbamoyl- 1 ,1 -diphenylmethyl)-1"[2-(benzofuran-5-yi)ethyi]pyrrolidine 
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A mixture containing 3«(S)-(-)-(1^rbamoyi-1,1-diphenyImethyl)pyrrolidine (1.79 g - see Preparation 
10(B)), 5-{2-bronK>ethyl)benzo[2.3-b]furan (1.2 g - see Preparation 17), anhydrous potassium carbonate (3 g) 
and acetonfoile (30 ml) was heated under reflux for 30 minutes. The mixture was partitioned between ethyl 
acetate (30 ml) and 10% aqueous potassium carbonate (30 ml), the layers were separated, and the aqueous 
layer extracted with ethyl acetate (3 x 50 ml). The combined ethyl acetate extracts were dried (MgS0 4 ) and 
concentrated in vacuo to give a brown gum which was purified by column chromatography on silica eluting with 
dichloromethane containing methanol (2%). The product-containing fractions were combined and concentrated 
in vacuo to give the title compound as a foam, yield 1.4 g. 



Analysis 

Found: 0,75.65; H,6.54; N,6.25; 
Calculated for 

C 28 H 28 N 2°2' 1/4 CH 2 C1 2 : C,75.44; H,6.33; N,6.28. 



1 H-N.M.R. (d*DMSO) 8 = 7.85 (d, 1H), 7.45-6.90 (m, 15H) t 6.80 (s f 1H) T 3.65-3.50 (m, 1H), 3.35^3.20 (brm, 
1H), 2.90-2.75 (m, 1H), 2.70-2.55 (m, 2H) T 2.55^2.25 (m, 3H), 1.95-1.70 (m t 2H), 155-1.40 (m, 1H) ppm. 



EXAMPLE 8 



Preparation of 3-(SH-H1-carbamoyM,1-diphenylmethy^ 
dlne(Alternative to Example 1(B)) 





1 °% Palladium-on-carbon (1 0 mg) was added to a solution of 3-(S)-(-)-(1 -carbamoyl-1 t 1-dlphenylmethyl>- 
1-I2-(benzofuran-5-yl)ethyl]pyrrolldlne (0.1 g - see Example 7) In acetic acid (2 ml) and the mixture was hy- 
drogenated at 40°C and atmospheric pressure for 6 hours. The catalyst was filtered off and washed with water 
(20 ml). The combined filtrate and washings were transferred to a separating funnel, dichloromethane (20 ml) 
was added, and the mixture was basified by the addition of 10% aqueous sodium hydroxide. The layers were 
separated and the aqueous layer was farther extracted with dichloromethane (3 x 30 ml). The combined di- 
chloromethane extracts were dried (MgS0 4 ) and concentrated In vacuo to give a colourless solid which was 
purified by column chromatography on silica eluting with dichloromethane containing methanol (4%). The prod- 
uct-containing fractions were combined and concentrated In vacuo to give the title compound as a colourless 
glass, yield 0.048 g, which was characterised spectroscoplcally to be Identical to the product of Example 1(B) 
*H-N.M.R,(CDCy, 6 = 7.50-7.20 (m, 11H); 7.00 (s, 1H); 6.90 (d, 1H); 6.70 (d, 1H); 5.45-5.30 (brs, 1H); 4.60- 
4.50 (t, 2H); 3.60-3.45 (m, 1H); 3.25-3.15 (t, 2H); 3.05-2.50 <m, 8H); 2.10-1.95 (m, 2M) ppm. 
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15 



EXAMPLE 9 



CONJf 2 

10 o /^P, J^Ph 




CONH, 




20 



25 



30 



35 



at 50 psi (344 7 kPa\ a „H on^ *J ^ J . WC (3 ° 9) and acetlc acid 3000 ml > ™* hydrogenated 
„x tL ,« free . base < 171 9> was dissolved In acetone (855 ml) and treated with 49% aaueous HEWfifi 



Analysis %:- 



Found: 



C,66.48; H,6.29; N.5.54; 



Calculated for C^^Br: 0,68.27;' H.6.61; N.5 52 

40 Preparation 1 

Preparation of ^(m-^Vhv droxypyrrolrdine hydrochloride 



45 



50 



55 



OH 




IJ (catalyst) ^ 



154°C 




.HC1 



[See Chemistry Letters, 1986, 893.] 

nol (4 ° 9 * ^^lly available), anhydrous cyclohexa- 

1IT } h 2 - c y c,ohexen - 1 ^ (2 ml) were heated together at 154'C for 4.5 hours at whfchS The 
mature was homogenous. On cooling to room temperature, saturated ethanolic t^J^^^Z 
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added and the resulting crystalline solid was filtered off and washed with ethyl acetate (2 x 50 ml). The solid 
was recrystallised from isopropanoi to give the tide compound as colourless crystals, yield 19.15 g. m.p. 104- 
108°C, [a]? - 8.0° (C 3.45. CH 3 OH). 
5 iHN.m.r. (d«DM SO), 6 = 1 0.00-8.60 (brs, 2H); 5.55-5.20 (brs, 1 H); 4.404.25 (brs, 1 H); 3.25-2.90 (m, 4H); 1 .95- 
1.75 (m, 2H) ppm. 

Preparation 2 

10 Preparation of 1-tosyi-3-(R)-(-)-hydroxypyrrol1dlne 



15 




Ts 

20 

Para- toluenssul phony! chloride (1.54 g) was added, in portions, to a solution of 3-{R)-(-)-3-hydroxypyrro- 
lidine hydrochloride (1 g - see Preparation 1) in anhydrous pyridine (10 ml) at 0°C. The mixture was allowed 
to warm to room temperature and stirred for 16 hours. The solution was concentrated in vacuo and the residue 
was partitioned between dichloromethane (20 ml) and water (10 ml). The layers were separated and the aqu- 
25 eous layer was extracted with dichloromethane (2 x 15 ml). The combined dichloromethane extracts were 
washed with 2M hydrochloric acid (2 x 15 ml) and 10% aqueous sodium hydroxide (2 x 15 ml) then dried 
(MgS0 4 ) and concentrated in vacuo to give a solid which was recrystallised from ethanol to give the Gtle com- 
pound as a colourless powder, yield 0.5 g, m.p. 108-112°C, [a]? - 6.7° (c 1.0, CH2CI2). 



Analysis %: - 

Found: C.54.69; H,6.23; N t 5.78; 

Calculated for C lt H 15 N0 3 S: C.54.77; H,6.27; N,5.80. 

*H-N.m.r (CDCI 3 ), 5 = 7.80-7.70 (d, 2H); 7.40-7.30 (d, 2H); 4.45-4.35 (m, 1H); 3.50-3.35 (m, 3H); 3.30-3.25 
(m, 1H); 2.45 (s, 3H); 2.05-1.80 (m, 2H); 1.75-1.70 (m, 1H) ppm. 



Preparation 3 

Preparation of 1-tosyl-3-(S)-(-)-tosy1oxypyrrolidine 



40 

OH 



I \ Ph 3 P, TsOMe I \ 

"DEAD" \ THF 



45 

X j ' "DEAD" p THF ^N' 

Ts Is 



Methyl para- toluenesulphonate (54 g) was added in portions to a solution of 1-tosyt-3-(R)-(-)-hydroxypyr- 
rolidine (49 g - see Preparation 2) and triphenylphosphlne (76 g) in anhydrous tetrahydrofuran (700 ml) at O^C. 
The mixture was cooled to -20°C and diethyl azodicarboxyiate (58 g - "DEAD") was added, dropwlse, over 30 
minutes. During this time, the temperature of the mixture was not allowed to rise above -10°C. When the ad- 
dition was complete the mixture was allowed to warm to room temperature and stirred for 16 hours. The mixture 
was concentrated in vacuo to give a solid which was purified by column chromatography on silica eluting with 
hexane containing dichloromethane (50%). The product-containing fractions were combined and concentrated 
In vacuo to give an oil which was crystallised from 1-propanol to give the title compound as a colourless solid, 
yield 56 g, m.p. 110°C, [a]? - 5.2° (c 1 .0, CH 2 Cy. 
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Analysis %: - 

Found: C.54.62; H,5.46; N.3.14; 

5 Calculated forC 18 H 21 N05S2: C.54.66; H.6.35; N.3.54. 

1H N.m.r. (CDCI 3 ). 8 = 7.75-7.65 (m, 4H); 7.40-7.30 (m, 4H); 5.00-4.90 (m, 1H); 3.55-3.35 (m, 3H); 3.30- 
3.20 {m, 1H); 2.50 (s, 3H); 2.45 (s, 3H); 2.10-1.90 (m, 2H) ppm. 

Preparation 4 

10 

Preparation of 1-tosyi-3-(RM+)-tosyloxypyrrolidine 




Para- toluenesulphonyl chloride (61 .5 g) was added, In portions, to a solution of 3-(R)-(-)-3-hydroxypyrro- 
lidine hydrochloride (19 g - see Preparation 1) In anhydrous pyridine (200 ml) at 0°C. The mixture was allowed 

25 to warm to room temperature and stirred for 16 hours. The solution was concentrated in vacuo and the resulting 
solid partitioned between dichloromethane (300 ml) and water (200 ml). The layers were separated and the 
aqueous layer extracted with dichloromethane (3 x 100 ml). The combined dichloromethane extracts were 
washed with 2M hydrochloric acid (2 x 100 ml) and 10% aqueous sodium hydroxide (2 x 100 ml) then dried 
(MgS0 4 ) and concentrated in vacuo to give an oil. Trituration with ether gave a solid which was recrystallised 

30 from 1-prapanol to give the title compound as a colourless solid, yield 33.5 g t m.p. 111-112°C [a]? + 5.3° (c 
1.0, CHzClz)- 

Analysis %: - 

35 Found: C.54.29; H,5.39; N.3.59; 

Calculated forC^NO^: C.54.68; H.5.35; N.3.54. 

1H N.m.r. (CPCI 3 ), 8 = 7.75-7.65 (m, 4H); 7.40-7.30 (m, 4H); 5.00-4.90 (m, 1H); 3.55-3.35 (m, 3H); 3.30-3.20 
(m, 1 H); 2.50 (s, 3H); 2.45 (s, 3H); 2.10-1 .90 (m, 2H) ppm. 

40 Preparation 5 

Preparation of 1-tosyi-3-(R,S)-tosyloxypyrrond1ne 




Ts 

Para- toluenesulphonyl chloride (68.8 g) was added, in portions, to a solution of 3-{R,S)-hydroxypyrrolidine 
(1 5 g) in dry pyridine (200 ml) at 0°C. The mixture was allowed to warm to room temperature and stirred for 
55 16 hours. The solution was concentrated in vacuo to approximately half the original volume then partitioned 
between dichloromethane (500 ml) and water (300 ml). The layers were separated and the aqueous layer was 
extracted with dichloromethane (3 x 100 ml). The combined dichloromethane extracts were washed with 2M 
hydrochloric acid (100 ml) and 10% aqueous sodium hydroxide (100 ml) then dried (MgSQ 4 ) and concentrated 
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10 



15 



20 



25 



30 



35 



40 



45 



50 



in vacuo to give an oil which was crystallised from dichloromethane/ether to give the title compound as a mi- 
crocrystalline powder, yield 28.3 g, m.p. 119-121°C. 

*H N.m.r. (CPCy, 5 = 7.75-7.65 (m, 4H); 7.40-7.30 (m, 4H); 4.95 (m, 1H): 3.55-3.35 (m, 3H); 3.30-3.20 (m, 
1H); 2.50 (s, 3H); 2.45 (s, 3H); 2.10-1.90 (m, 2H) ppm. 

Preparation 6 

(A) Preparation of S-tR.SJ-tl-cyano-l.l-dtphenylrnethyi^l-tosylpyrroiidine 



Diphenylacetonltrile (1 7.1 g) was added to a stirred suspension of sodium hydride (4 g of a 60% suspension 
in mineral oil) in anhydrous toluene (250 ml) and the mixture was heated under reflux for 2 hours. On cooling 
to room temperature, 1-tosyl-3-(R,S)-tosyloxy pyrrolidine (28 g - see Preparation 5) was added In portions and 
the mixture heated under reflux for 3 hours. The mixture was diluted with toluene (150 ml), washed with 5% 
aqueous sodium hydroxide (2 x 100 ml) and brine (150 ml) then dried (MgS0 4 ) and concentrated In vacuo to 
give a solid which was purified by trituration with methanol to give the title compound as a colourless micro- 
crystalline powder, yield 18 g, m.p. 186-187°C. 

1 H N.m.r. (CDCI 3 ), 6 = 7.75 (d t 2H); 7.50-7.25 (m, 12H); 3.60-3.30 (m, 4H); 3.10-3.00 (m, 1H); 2.50 (s, 3H); 
2.00-1.80 (m, 2H) ppm. 

(B} Asimilar procedure starting with 1-tosyl-3-(S)-(-)-tosyloxypyrrolldlne (55 g - see Preparation 3) gave 3-(S)- 
(+)-(1-cyano-1 ? 1-dlphenylmethyl)-1-tosylpyrrolldlne, yield 49.5g, [o] 2 D 5 + 17.2° (c 1.0, CHjCy, m.p. 180-185°C. 
(CI A similar procedure starting with 1-tosyl-3-(RH + )-tosyloxypyrrolidine (33 g - see Preparation 4) gave 3- 
(R)-(-H1-cyano-1,1-dtphenylmethyl)-1-tosyIpyrrolidine, yield 19.7 g, m.p. 165-178°C, [aft 5 - 17.0° {c 1.0, 

Preparation 7 

Preparation of 3-(R,S)-(1-cyano-1 T 1-diphenylmethyl)pyrrolidine 



A solution of 3-(R,S)-(1-cyano-1 f 1-diphenylmethyi)-1-tosyl pyrrolidine (21 g - see Preparation 6(A)) and 
phenol (21 g) In 48% aqueous hydrobromlc acid (240 ml) was heated under reflux for 2 hours. The mixture 
was cooled to 0°C in an ice bath and baslf led (pH 12) by the slow addition of 50% aqueous sodium hydroxide 
(280 ml). Methanol (10 ml) was added and the mixture was stirred for 15 minutes then diluted with water (300 
ml). The mixture was extracted with dichloromethane (3 x 200 ml), the combined extracts were dried (MgSO^ 
and concentrated in vacuo to give an ol. The oil was dissolved in 1:1 hexane/toluene (500 ml) and washed 
with 0.5 M hydrochloric acid (3 x 500 ml). The aqueous extracts, together with some oil which separated during 
the extraction, wee basifled (pH 12) by the addition of aqueous sodium hydroxide (12 g In 20 ml water) and 
the mixture was extracted with dichloromethane (3 x 150 ml). The combined dichloromethane extracts were 
dried (MgS0 4 ) and concentrated in vacuo to give an oil which was purified by column chromatography on silica 
eluting with dichloromethane containing methanol (0% up to 10%). The product-containing fractions were con> 
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bined an concentrated in vacuo to give the title compound as a oil, yield 10 g. 

1 HN.m.r. (CDCfe), 6 = 7.55-7.25 (m, 10H); 5.45 (brs, 1H); 3.55-3.40 (m. 1H); 3.35-3.10 (m, 2H); 3.05-2.90 (m, 
1H); 2.65-2.40 (m. 1H); 2.10-2.00 (m, 1H); 1.95-1.80 (m, 1H) ppm. 

5 

Preparation 8 

Preparation of 3-(R.S)-(1'CarbamoyM t 1-dipheny1methyl)pyrroiidine 

10 



15 




20 3-(R,S)-(1-Cyano-1,1-dlphenylmethyl)pyrrolidlne {30 g - see Preparation 7) was dissolved In 95% sulphu- 

ric acid (210 ml) and the mixture was heated, with stirring, at 85°Cfor 9 hours and then at 10G°C for 30 minutes. 
The mixture was allowed to cool to room temperature and poured onto ice (2 kg). The mixture was baslfled 
(pH 12) by addition, in portions with cooling in an ice bath T of a cold solution of sodium hydroxide (340 g) in 
water (500 ml). The resulting mixture was extracted with dichbromethane (3 x 300 ml) and the combined ex- 

25 tracts were dried (MgS0 4 ) and concentrated in vacuo to give the title compound as a foam, yield 1 6.4 g. 

1 HN.m.r. (CDCU) 5 = 7.60-7.10 (m, 1 0H); 7. 10-6.90 (brs t 0.5H); 5.90-5.30 (brm, 2.5H); 3.60-3.40 (m, 1H); 3.30- 
3.00 (m, 3H); 2.95-2.60 (m, 1H); 2.45-2.20 (m T 1H); 2.05-1.85 (m, 1H) ppm. 

Preparation 9 

30 

(A) Preparation of S-tSX+Vtl-cyano-IJ-diphenylmethy^pyrrolidine 



CN 




A mixture containing 3-(S)-(+)-(1 t 1-diphenyimethyl)-1-tosyl pyrrolidine (49 g - see Preparation 6(B)), 48% 
aqueous hydrobromic acid (500 ml) and phenol (50 g) was heated under reflux for 1.25 hours then allowed to 
cool to room temperature. The mixture was extracted with ether (50 ml) to remove an upper layer of purple oil, 

45 then with 2:1 ether/hexane (150 ml). The aqueous layer was extracted with dichloromethane (4 x 1QQ ml), the 
dichloromethane extracts were combined, washed with 10% aqueous sodium hydroxide (3 x 50 ml), then dried 
(MgS0 4 ) and concentrated in vacuo to give an oil. The original ether extract was concentrated In vacuo to give 
an oil which was dissolved in dichloromethane (100 ml) and washed with 10% aqueous sodium hydroxide (3 
x 50 ml). The dichloromethane solution was dried (MgSO^ and concentrated in vacuo to give an ol which was 

so combined with that obtained from the initial dichloromethane extraction. The combined oils were then dissolved 
in dichloromethane (200 ml) and washed with 10% aqueous sodium hydroxide solution (2 x 50 ml). The di- 
chloromethane solution was dried (MgS0 4 ) and concentrated in vacuo to give an oil which was purified by col- 
umn chromatography on silica eiuting with dichloromethane containing methanol (0% up to 10%). The product- 
containing fractions were combined and concentrated In vacuo to give the title compound as a foam, yield, 24.3 

55 fl,[aJS*6.Q o (c1.0 f CH 2C ,2). 
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Analys ts % : - 

5 Found; C,78.09; H f 6.70; N,9.93; 

Calculated For C^H^NyL/5 CH 2 C1 2 : C>78.24; H,6.63; N.10.03. 

10 

(B) A similar procedure starting with 3-(R)-(-)-(1-cyano-1,1-diphenylrnethyl>-1-tosylpyrrolidin8 (19.5 g - see 
Preparation 6(C)), gave ^(RJ-^HI-cyano-l^-^IphenylrnethyiJpyrralWIne, yield 9.5 g, [a]? - 9.8° (c 1.0, 

CH 2 C»2). 
15 Preparation 10 

(A) Preparation of 3-(S)-(+)-(1-carbamoyl-1,1-diphenytrnethyl)pyrrolKjine L-(+)-tartrate 




3^S)-( + M 1 -Cyano-1 , 1 -di phenyl met hyi)pyr rolidine (24 g - see Preparation 9(A)) was dissolved in 95% sul- 
phuric acid (210 ml) and the mixture was heated, with stirring, at 85°C for 4.5 hours. The mixture was allowed 
to cool to room temperature and poured onto ice (500 g). The mixture was basified (pH 12) by the addition, in 

35 portions with cooling in an tee bath, of a cold solution of sodium hydroxide (335 g) in water (500 ml). The mixture 
was extracted with dichloromethane (4 x 200 ml) and the combined extracts were dried (MgS0 4 ) and concen- 
trated in vacuo to give the free base of the title compound as a colourless foam, yield 8.5 g. A portion of the 
foam (5.5 g) was dissolved in ethanol (50 ml) and a solution of L-(+)- tartaric acid (3 g) in warm ethanol (30 
m)) was added. The resulting solid was filtered off and recrystallised from methanol to give the title L-(+)-tar- 

40 trate as colourless crystals, yield, 6 g, m.p. 180-185°C, [ajf + 16.3° (c 1.0, H 2 0). 



Analysis 

Found: C.61.21; H.6.25; N,6.45; 

Calculated for C 18 H 2() N 2 O.C 4 H 6 0 6 : C,61.38; H.6.09; R.6.51. 



Uj N.m.r. (dSDMSO), 8 = 9.00-7.50 (brs, 4H); 7.40-7.10 (m. 11H); 6.90-6.80 (brs, 1H); 3.90 (s, 2H); 3.90-3.70 
(m, 1H); 3.50-3.35 (m, 1H); 3.25-3.00 (m, 1H); 2.75-2.60 (m, 1H); 2.55-2.40 (m, 2H); 2.15-2.00 (m, 1H); 1.40- 
1.30 (m, 1H) ppm. 



65 
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(B) Preparation of 3-(S>(-)-(1-carbamoyi-1.1-diphenylmethyl)pyrrolid>ne 



5 



10 




3^S)-(+H1^ ar ^ aino y*-''.l- c 'iphenylnr«thyl)pyrrorKJIne L-(+)-tartrate from part (A) (0.95 g) was dissolved 
15 in water (40 ml) and bastf led (pH 1 2) by the dropwlse addition of 1 0% aqueous sodium hydroxide. The mixture 
was extracted with dichloromethane (2 x 50 ml), the extracts were combined, dried (IMa 2 S0 4 ), and concentrated 
in vacuo to give the title compound as a colourless foam, yield 0.64 g. 

1 H N.m.r. (CDCI 3 ) 6 = 7.50-7.20 (m, 11 H); 6.35-6.20 (brs, 1H); 5.90-5.75 (brs, 1H); 3.55-3.45 (m, 1H); 3.25- 
3.10 (m, 2H); 3.05-2.95 (m, 1H); 2.95-2.85 (m, 1H); 2.15-2.05 (m, 1H); 1.90-1.80 (m, 1H) ppm. 

20 

Preparation 11 

Preparation of 3-(R)-(+)-(1 -carbamoyl- 1 ,1 -dlphenylmethyl)pyrrol1dlne 

25 CN 



30 




3-(R)-(-)-(1-cyano-1 f 1-diphenylmethyl)pyrrolldine (9.2 g - see Preparation 9(B)) was dissolved in 95% sul- 
35 phuric acid (80 ml) and the mixture was heated at 80°C for 4 hours and then at 90°C for 1 hour. Ice (1 kg) was 
added and the mixture was bas'rfied (pH 12) by the addition of a cold solution of sodium hydroxide (120 g) in 
water (100 ml). The mixture was extracted with dichloromethane (4 x 100 ml) and the combined extracts were 
dried (MgS0 4 ) then concentrated in vacuo to give a foam which was purified by column chromatography on 
alumina elutlng with dichloromethane containing methanol (0% up to 10%). The product-containing fractions 
40 were combined and concentrated in vacuo to give the title compound as a foam, yield, 4.5 g, [a]? + 16.9° (c 
1.0, CHzCJz). 

1H N.m.r. (CPCIs), 8 = 7.45-7.20 (m, 10H); 6.10-5.90 (brs, 1H); 3.20-3.10 (m, 1H); 3.05-2.95 (m, 1H); 2.90-2.65 
(m, 3H); 2.10-2.00 (m, 1H); 1.95-1.75 (m, 2H) ppm. 

45 Preparation 12 

Preparation of 5-(2-hydroxyethyl)-2,3-dihydrobenzofuran 



50 




55 

Asolution of (2,3-dihydrobenzofuran-5-yl)acetic acid (4.9 g - see EP-A-132130) in anhydrous tetrahydro- 
furan (50 ml) was added dropwise over 10 minutes to a stirred suspension of lithium aluminium hydride (1.57 
g) in anhydrous tetrahydrofuran (50 ml) at 0*C. The mixture was allowed to warm to room temperature and 
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stirred for 1 hour. Water (1 .5 ml) was cautiously added dropwise followed by 1 0% aqueous sodium hydroxide 
(1 .5 ml) and, finally, water (4.5 ml). The mixture was filtered and the inorganic salts washed with ethyl acetate 
(2.50 ml). The filtrate and washings were combined and concentrated in vacuo to give the title compound as 
5 an oil, yield 3.3 g. 

1H N.rar. (CDCf 3 ) 8 = 7.10 (s, 1H); 7.00 (d. 1H); 6.75 (m, 1H); 4.65-4.55 (m, 2H); 3.90-3.75 (m, 2H); 3.30-3.15 
(m, 2H); 2.90-2.80 (m ( 2H); 1.85-1.75 (brs. 1H) ppm. 

Preparation 1 3 

10 

Preparation of 5-(2-bromoethyl)-2 t 3-dihydrobenzofuran 



15 




CCl. 
4 



70 

Phosphorus tribromidB (0.37 g) was added to a solution of 5-(2-hydroxyethyl)-2 t 3-dihydrobenzofuran 
(0.612 g - see Preparation 12) in carbon tetrachloride (3 ml) and the mixture was heated under reflux for 3 
hours. On cooling to room temperature, the mixture was partitioned between 10% aqueous sodium carbonate 
(20 ml) and dichloromethane (20 ml). The layers were separated and the aqueous layer was extracted with 
25 dichloromethane (2x10 ml). The combined dichloromethane extracts were dried (MgS0 4 ) and concentrated 
in vacuo to give the title compound as an oi) which crystallised on standing, yield 0.584 g, m.p. 60-62°C. 

N.m.r. (CDCM 5 = 7.10 (s, 1H); 7.00-6.95 (d, 1H); 6.80-6.70 (d, 1H); 4.65-4.55 (t, 2H); 3.60-3.50 (t, 2H); 
3.25-3.15 (t, 2H); 3.15-3.10 (t t 2H) ppm. 

30 Preparation 14 

Preparation of 5-(2-bromoethyl)mdane 



35 




40 

Phosphorus tribromlde (3.5 ml) was added, dropwise, to a solution of 5-{2- hydro xyethyl)indane (14.0 g) 
(FR-A-21 39628) in carbon tetrachloride (100 ml). The mixture was stirred at room temperature for 0.5 hour and 
then heated under reflux for 2 hours. Ice (100 g) was added and the mixture partitioned between dichlorome- 
thane and 10% aqueous sodium carbonate. The layers were separated and the aqueous layer extracted with 
45 dichloromethane (2 x 100 ml). The combined dichloromethane extracts were dried (MgS0 4 ) and concentrated 
in vacuo to give an oil which was purified by column chromatography on silica eiuting with dichloromethane. 
The product-containing fractions were combined and concentrated ?n vscjo to givs tha titis ccmpcund as a 
colourless oil, yield 10.5 g. 

Ijj N.m.r. (CDCI 3 ) 6 = 7.30-7.00 (m, 3H); 3.60 (m, 2H); 3.20 (m ? 2H); 3.00-2.85 (m, 4H); 2.20-2.05 (m, 2H) ppm. 

50 



55 
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Preparation 1 5 



3,4-Methylenedioxyphenethyl alcohol 



5 




CH 2 COOH 



10 



LiAlH 



4 



15 




3,4-Methylenedioxyphenylaceticacid (18.0 g) was added portionwise over 30 minutes to a stirred, ice-coo- 
20 led suspension of lithium aluminium hydride (4.0 g) in ether (400 ml) and the mixture was stirred at room tem- 
perature for two hours, quenched by the cautious addition of saturated aqueous ammonium chloride solution 
and filtered. The filtrate was washed with 10% aqueous sodium carbonate solution, dried overmagneslum sul- 
phate and evaporated to give the title compound as a pale yellow oil (15.01 g, 90%) T which was characterised 
by its *H n.m.r. spectrum. 

25 *H N.m.r. (CDCI 3 ) 6 = 6.69-6.83 (3H, m); 5.98 (2H, s); 3.82 (2H, dt, J=7 and 6Hz); 2.81 (2H, t, J = 7Hz) and 
1.44 (1H, t, J = 6Hz, exchangeable with D 2 0). 

Preparation 16 

30 3,4-Methylenedloxyphenethyl bromide 



A solution of phosphorus tribromlde (8.1 g) In carbon tetrachloride (50 mi) was added dropwise aver 30 
minutes to a stirred solution of 3,4-methylenedloxyphenethyl alcohol (15.0 g) (see Preparation 1 5) In carbon 
tetrachloride (200 ml) and the mixture was heated under reflux for 3 hours, washed sequentially with water 
(twice), 5M aqueous sodium hydroxide solution and water, dried over magnesium sulphate and evaporated. 
so The residue was purified by chromatography on silica (1 00 g) using carbon tetrachloride as the eluant Appro- 
priate fractions were combined and evaporated to give the title compound as a pale yellow oil (8.3 g, 40%), 
which was characterised by its 1 H n.m.r. spectrum. 



iH N.m.r. (CDCI 3 ) 5 = 6.80 (1H, d, J = 8Hz), 6.75 (1H, s); 6.71 (1H, d, J = 8Hz); 6.00 (2H, s); 3.56 (2H, t, J = 
7Hz) and 3.13 (2H t t, J = 7Hz). 



35 




40 




55 
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Preparation 17 

Preparation of 5-(2-promoethyl)benzol[2 t 3-p]furan 
Br 



10 




Arnixture containing 5-{2-bromoethyl)-2 > 3-dihydrobenzo[2 t 3-b]furan (3g - see Preparation 13), freshly re- 
crystallised N-bromosuccinimtde (2.37 g), benzoyl peroxide (0.03 g) and carbon tetrachloride was heated under 

15 reflux for 2 hours. On cooling to room temperature, water (100 ml) and sodium metabtsulphite (1 g) were added, 
the layers were separated and the aqueous layer was extracted with dichloromethane (3 x 50 ml). The com- 
bined organic extracts were dried (MgS0 4 ) and concentrated In vacuo to give an oil which was purified by col- 
umn chromatography on silica eluting with hexane containing toluene (5%). The product-containing fractions 
were combined and concentrated in vacuo to give the title compound as an oil, yield 1.25 g. 

20 iHN.M.R. (CDCI a ) 6 = 7.70 (d, 1H), 7.55-7.45 (m, 2H), 7.25-7.15 (d, 1H), 6.S0 (s, 1H), 3.70-3.60 (t, 2H) t 3.35- 
3.25 (t, 2H) ppm. 

Preparation 18 

25 Preparation of S-chloroacetyl^^dihydrobenzofliran 



o 



30 




Chioroacetyl chloride (10.39 g) was dissolved in methylene chloride (25 ml) and the solution was added 
to a slurry of aluminium chloride (1 2.2 g) In methylene chloride (50 ml) at-15°C. Asolutron of dihydrobenzofuran 

35 (10 g) In methylene chloride (25 rnl) was added and the solution was allowed to warm to room temperature 
over 20 hours. The reaction mixture was poured Into Ice (700 g) and the aqueous layer was back-washed with 
methylene chloride (2 x 200 ml). The combined organic extracts were washed with water (800 ml), dried with 
MgS0 4 and concentrated in vacuo. The resulting solid (11 g) was heated in cyclahexane (110 ml) and the su- 
pernatant liquid decanted off and allowed to crystallise. Filtration produced the title compound as a white solid, 

40 yield 2.1 g, m.p. 85-87°C. 

Analysls% > 

Found: C,60.75; H.4.67; 

45 Calculated for C 10 H 6 CIO 2 : C.61.08; H.4.61 . 

1 H-N.M.R. (CDCI 3 ) 8 = 7.9 (s, 1H); 7.8 (d, 1H); 6.85 (d, 1H); 4.7 (t, 2H); 4.65 (s, 2H); 3.3 (t, 2H) ppm. 



21 



EP 0 388 054 B1 

Preparation 19 

Preparation of 3-(S)-(1-carbamoyl-1 J-diphenytmethyl)-H2-(2,^ 
dine hydrochloride 




A mixture of 5-chloroacety1-2,3-dfhydrobenzofuran (176.2 g - see Preparation 18), 3-(S)-(-H1-carbamoyl- 
1 ,1 -diphenylmethyOpyrrolidine (335.0 g - see Preparation 1 0(B)) and potassium carbonate (335 g) were stirred 
in industrial methylated spirits at room temperature for 18 hours then concentrated in vacuo . The oily solid was 
partitioned between methylene chloride (2.500 ml) and water (2,500 ml) and the organic phase was concen- 
trated to an oil in vacuo. The oil was dissolved in ethyl acetate (3,350 ml) and acidified with hydrochloric acid 
dissolved in isopropyi alcohol (180.6 ml at 24% w/v). Filtration produced the title compound as a hygroscopic 
solid, yield 467 g. 

This material was used directly In Example 9 without further purification. 
Preparation 20 

6-(2-Hydroxyethyl}-1 ,4-benzodioxan 




This was prepared as described in Preparation 1 5 using (benzodioxan-6-yl)acetic acid instead of 3 t 4-me- 
thylenedioxyphenylacetic acid. The title compound was obtained as a colourless oil (1 9.8 g, 92%), which was 
characterised bv its tH-n.m.r. sDectrum. 

iH-N.M.R. (CDC1 3 ) S = 6.84 (1H, d, J = 8Hz); 6.77 (1 H, d, J = 2Hz); 6.73 (1 H, dd, J = 8 and 2Hz); 4.28 (4H, s); 
3.59 (2H, t, J = 7Hz) and 3.08 (2H f t, J = 7Hz). 
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Preparation 21 

6-(2-Bromoethyl)-1 ,4-benzodioxan 



10 



15 




This was prepared as described In Preparation 16 using 6-(2-hydroxyethyl)-1 ,4-benzodioxan (see Prepa- 
20 ration 20) instead of 3,4-methylenedioxyphenethyl alcohol. The title compound was obtained as a pale yellow 
oil (21.4 g, 80%), which was characterised by Its W-N.M.R. spectrum. 

*H-N.M.R. (CDCI3) b = 6.83 (1H, d, J = 8Hz); 6.77 (1H t d, J = 2Hz); 6.72 (1H, dd, J = 8 and 2Hz); 4.28 (4H, s); 
3.59 (2H, t, J = 7Hz) and 3.10 (2H ? t, J = 7Hz). 

The compounds of the Examples have all been found to have useful activity as selective muscarinic re- 
25 ceptor antagonists wit hout sig nif icant adverse toxicity. 



Claims 

30 Claims for the following Contracting States: AT, BE, CH, DE, DK, FR, GB f IT, LI, LU, NL, SE 

1. A compound of the formula:- 



35 



40 




or a pharmaceutical ly acceptable salt thereof, 
wherein 

Y is a direct link, -CH r , (CH^-, -CH 2 0- or -CHjS-; 
45 R is -CONH 2 ; 

and 

R 1 is a group of the formula:- 



50 




55 where 

X and X 1 are each independently O or CH 2 ; 
mis 1,2 or 3; 

and 

c Het° is pyridyl, pyrazinyl or thienyl. 
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Z A compound of the formula:- 




where Y and R 1 are as defined in claim 1 . 
3. A compound as claimed in claim 1 or 2 in which R 1 is a group of the formula:- 




or "Het" 



where X, X 1 , "Het" and m are as defined In claim 1. 
4. A compound as claimed In claim 3 in which R 1 Is a group of the formula:- 




5. A compound as claimed in any one of the preceding dalns in which Y is a direct link or -CH2-. 

6. A compound as claimed in claim 5 in which Y is -CH r . 

7. A compound as claimed in any one of the preceding claims which is in the 3R,S-(racemic) or 3S-fbrm. 

8. 3-{R,S)-(1-carbamoy1-1 f 1^iphenylmethytH^2,3^ihydrote or 3-(S)-(-)- 
(1-carbamoyl-1 f 1 ^iphenylmethyl)-1-[2-(2,3^ihydrobenzofuran-5-yl)ethyl]pyrrdidine. 

9. A pharmaceutical composition comprising a compound of the formula (I) ora pharmaceutical iy acceptable 
salt thereof as claimed in any one of claims 1 and 3 to 8 and a pharmaceutical^ acceptable diluent or 
carrier. 

10. A compound of the formula (I) or a pharmaceutical^ acceptable salt thereof as claimed In any one of 
claims 1 and 3 to 8, for use as a medicament. 

11. The use of a compound of the formula (I) as claimed in any one of claims 1 and 3 to 8, or of a pharma- 
ceutically acceptable salt thereof, for the manufacture of a medicament for treating a disease associated 
with the altered motility and/or tone of smooth muscle. 

12. The use as claimed in claim 11 wherein the disease is irritable bowel syndrome or incontinence. 

13. A compound of the formula:- 



24 



EP 0 388 054 B1 



where R 1 Is 




where the dotted line is an optional bond. 
Claims for the following Contracting State : ES 
1. A process for preparing a compound of the formula:- 




or a pharmaceutical^ acceptable salt thereof, 
wherein 

Y is a direct link, -CrV. -(CH^, -CH2O- or -CH2S-; 
Ris-CIMor-CONH 2 ; 

and 

R 1 is a group of the formula:- 




where 

X and X 1 are each Independently O or CH 2 ; 
mts1,2cr3; 
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and 

"Het" is pyridyl, pyrazinyl or thienyl, 
characterised by one of the following steps:- 
(a) reacting a compound of the formula:- 




(II) 



where R is as defined for formula (I) 
with a compound of the formula:- 

Q-CHi-Y-Ri (III) 
wherein R 1 and Y are as defined for formula (I) and Q Is a leaving group; 

(b) to prepare a compound of the formula (I) In which R Is -CONH 2> hydrdyslng the corresponding com- 
pound of the formula (I) in which R Is -CN; 

(c) to prepare a compound of the formula (I) in which Y is -CH 2 - and R 1 is 2- or 4-pyridyl or pyrazinyl, 
reacting a compound of the formula (II) as defined in part (a) with 2- or 4- vinylpyridine or 2-vinylpyr- 
azine; 

(d) to prepare a compound of the formula (I) in which R Is -CONHa and R 1 is 2,3-dihydrobenzoluran- 
5-yl, reducing the corresponding compound of the formula (I) in which R is -CONH 2 and R 1 is benzo- 
furan-5-yi; and 

(e) to prepare a compound of the formula (I) in which R is -CONH 2> Y is -CH 2 - and R 1 is 2,3-dihydro- 
benzofuran-5-yl or indan-5-yl, reducing a compound of the formuia:- 




(IV) 



where R 1 is 



where the dotted line represents an optional bond; said processes (a) to (d) being followed by, option- 
ally, conversion of the product of the formula (I) Into a pharmaceutically acceptable salt 

A process according to claim 1(a), characterised In that Q is Br, CI, I, C r C 4 alkanesulfonyioxy, benzene- 
sulfonyioxy, toJuenesulfonyioxy or trrf luoromethanesulfonytoxy, and in that it Is carried out In the presence 
of an acid acceptor. 

A process according to claim 2, characterised in that Q is CI, Br, I or methanesulfonyloxy. 

A process according to claim 2 or 3, characterised in that the acid acceptor is sodium or potassium car- 
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bonate or bicarbonate, triethylamine or pyridine. 

5. A process according to claim 1(a), 2, 3 or 4, characterised In that R Is -CONf-fe, Y Is -CH r and R 1 Is a 
group of the formula:- 

.CP . 

6. A process according to claim 1 (b). characterised In that the hydrolysis is carried out with concentrated 
sulfuric acid. 

7. A process according to claim 1{d), characterised in that the reduction is carried out by catalytic hydro- 
genation. 

8. A process according to claim 1(e), characterised in that the reduction Is carried out by catalytic hydro- 
genation. 

9. A process according to any one of the preceding claims, characterised in that the pyrrolidine starting ma- 
terial is in the 3-(R,S)- or 3S- form. 

Claims for the following Contracting State : GR 

1. A process for preparing a compound of the formula:- 



30 




or a pharmaceutical^ acceptable salt thereof, 
wherein 

Y is a direct link, -CrV, -(CH 2 )2-. -Cr^O- or-CHzS-; 
Ris-CNor-CONH 2 ; 

and 

R 1 is a group of the formula:- 



where 

X and X 1 are each independently O or CH 2 ; 
m is 1,2or3; 

and 

"Her* is pyridyi, pyrazinyf or thienyi, 
characterised by one of the following steps:- 
(a) reacting a compound of the formula:- 
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a c jo 

^ TV 



— (id 



where R Is as defined for formula (I) 
with a compound of the formula:- 

Q-CHi-Y-R 1 (HI) 
wherein R 1 and Y are as defined for formula (I) and Q is a leaving group; 

(b) to prepare a compound of the formula (I) In which R Is -CONH S( hydrdysing the corresponding com- 
pound of the formula (I) In which R Is -CN; 

(a) to prepare a compound of the formula (I) In which Y is -CH r and Ri Is 2- or 4-pyridyi or pyrazinyi, 
reacting a compound of the formula (II) as defined in part (a) with 2- or 4- vinylpyndme or 2-vmylpyr- 

S) n to prepare a compound of the formula (I) in which R Is -CONH* and Ri Is 2,3-dihydrobenzofuran- 
5-yl. reducing the corresponding compound of the formula (I) in which R Is -CONH 2 and R' Is benzo- 

■ «™P° und ° f the formu,a « in Wh,ch R is ■ C0NH2> Y fe " CHi " and R1 is 2 ' 3 - dihydrc ^ 

benzofuran-5-yl or indan-5-yl, reducing a compound of the formula:- 




(IV) 



where R 1 is 



where the dotted line represents an optional bond; said processes (a) to (d) being followed by, option- 
ally, conversion of the product of the formula (I) into a pharmaceutical^ acceptable salt 

A orocess according to claim 1(a), characterised In that Q Is Br, CI, I. C r C 4 alkanesulfonyloxy, benzene- 
of an acid acceptor. 

A process according to clam 2, characterised in that Q is CI, Br. I or methanesulfonyloxy. 

A process according to clam 2 or 3, characterised in that the acid acceptor is sodium or potassium car- 
bonate or bicarbonate, triethylamine or pyridine. 

A process according to dalm 1(a), 2, 3 or 4. characterised In that R is -CONH* Y is -CH r and R 1 is a 
group of the formula:- 
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6. A process according to claim 1(b), characterised in that the hydrolysis is carried out with concentrated 
10 sulfuric acid. 

7. A process according to claim 1(d), characterised in that the reduction is carried out by catalytic hydro- 
genation. 

1S 8. A process according to claim 1(e), characterised in that the reduction is carried out by catalytic hydro- 
genation. 

9. A process according to any one of the preceding claims, characterised in that the pyrrolidine starting ma- 
terial is in the 3-(R,S)-or 3S- form. 

20 10. A compound of the formula:- 



25 



30 




(IV) 



35 where Ri 



is 



40 




or 



Co 



45 



where the dotted line is an optional bond. 
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Patentanspruche 

Patentanspruche fur folgende Vertragsstaaten : AT, BE, CH, DE, DK, FR, GB, IT, Li, LU, NL, SE 

1. Verbindung der Formel 



29 



EP 0 388 054 B1 




Oder ein pharmazeutisch annehmbares Salz davon, 

worin Y eine dirskte Bindung, -CH 2 -, (CH^r.CH^O- oder -CH 2 S- ist; R -CONH 2 bedsutet; und R* elne 
Gruppe gemass folgenden Formeln Ist 




worin X und X 1 , unabhangig voneinander, jeweils O oderCH 2 sind; m fur 1, 2 oder 3 stent; und "Her* Pyridyl, 
Pyrazlnyl oder Thienyi ist. 

Verbindung der Formel 




(IA), 



worin Y und R 1 wie in Anspruch 1 definiert sind. 

Verbindung nach Anspruch 1 oder 2, in der R 1 eine Gruppe der Formel 




ist, worin X, X 1 , 'Her und m wie in Anspruch 1 definiert sind. 
Verbindung nach Anspruch 3, in der R 1 eine Gruppe der Formel 

ist. 

Verbindung nach hrgendeinem der vorhergehenden Ansprtlche, in der Y elne direkte Blndung oder -CH r 
Ist 

Verbindung nach Anspruch 5 f In der Y -CIV ist 

Verbindung nach irgendeinem der vorhergehenden Anspruche, die in der 3R,S-(racemischen) oder 3S- 
Form vorliegt 

3-(R i S)-(1-Carbamoyi-1,1-dipheny^ oder 3-<S>- 

30 



EP 0 388 054 B1 



10 



15 



(-H1-Carbamoyi-1,1-diphenyimeth^ 

9. Pharmazeutsiche Zusammensetzung, die eine Verblndung der Formel (I) oder ein pharmazeutisch an- 
nehmbares SaJz davon nach Irgendeinem der Ansprtiche 1 und 3 bis 8 und ein pharmazeutisch annehm- 
bares Verdunnungsmittel oder einen solchen Trager umfa&t. 

10. Verbindung der Formel (I) oder ein pharmazeutisch annehmbares Salz davon nach irgendeinem der An- 
sprOche 1 und 3 bis 8 zur Verwendung als Arzneimitte!. 

11. Verwendung einer Verbindung der Formel (I) nach irgendeinem der Anspruche 1 und 3 bis 8 oder einss 
pharmazeutisch annehmbaren Salzes davon zur Hersteilung eines Arzneimittelsfurdie Behandlung einer 
Erkrankung, die mit einer veranderten Motilitat und/oder dem veranderten Tonus der glatten Muskulatur 
assoziiert ist 

12. Verwendung nach Anspruch 11, bei der die Erkrankung das irritable Darmsyndrom oder die Inkorttinenz 



13. Verbindung der Formel 
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(IV), 



worin R 1 
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oder 



1st, worin die gestrichelte Linie eine fakultative Bindung bedeutet. 
Patentanspruche fQr folgenden Vertragsstaat : ES 
40 1. Verfahren zur Hersteilung einer Verbindung der Formei: 



45 



(I) 



so oder eines pharmazeutisch brauchbaren Salzes davon, 

wobei Y eine direkte Bindung, -CrV. -(CH 2 )2-. -CH 2 0- oder-CHzS- ist; R -CN oder-CONH 2 bedeutet; 
und R 1 eine Gruppe der Formel ist 



65 




(CH 



2> B 



oder "Het" , 
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gekennzeichnet durch eine derfolgenden Stufen: 
(a) Umsetzen einer Verbindung der Formel 




(id 



in der R die gleiche Bedeutung besitzt wia In Formel (I); mit elner Verbindung der Formel- 

Q-CH r Y-R\ (III) 

^IrMo^ n ?* ,C w"J ^ deUhJn9en besitzen wfe F °™' 0; und Q eine Abgangsgruppe 1st 
de V^T T f er V f * ,ndu "S der Formel W. R = -CONH 2 : Hydrofysleren der entsp^hen- 
de Verbindung der Formel (I), worln R = -CN; 

(c) zur Hersteilung einer Verbindung der Formel (I), worin Y = -CH r , und Ri = 2- Oder 4-Pyridyl oder 

X^rCy^r^"" 9 ^ Verfahren (a) defin ' erten F ° rme ' mit 2 " 

"T e, " er Vert>,ndun 9 der Fo '™' 0). worin R = -CONH,, und R» = 2,3-Dlhydrobenzofu- 
ran-5-yi. Reduzleren der entsprechenden Verbindung der Formel (I), worin R = -CONH,, und Ri = Ben- 
zoTuran-5-yl; und 

(e) zur Herstellung einer Verbindung der Formel (I), worin R = -CONH 2 , Y = -CH, - und Ri = 2 3-Dihv- 
drobenzofuran-5-yi oder lndan-5-yl: Reduzleren einer Verbindung der Formel: * 



(IV) 




worin R< 



1st, 

wobel die gestrlchelte Unle eine fakultatlve Blndung bedeutet; 
wobel nach Verfahren (a) bis (d) gegebenenfalls eine Umwandlung des Produktes der Formel (I) in ein 
pharmazeuBsch brauchbares Salz erfolgt V ' 

Verfahren nach Anspruch 1{a), dadurch gekennzeichnet, dass Q fur Br, CI, I. C r C 4 -Alkansulfonyloxy 

eZ t l° Xy ; Tol " OlS " lfony,0Xy «~ ^-rmethansutfonytoxy steht, und dass es In AnwesSl 
eines Saureakzeptors durchgefflhrt wlrd. 

Verfahren nach Anspruch 2. dadurch gekennzeichnet, dass Q fur CI. Br. I oder Methansulfonyloxy steht 

Verfahren nach Anspruch 2 oder 3, dadurch gekennzeichnet, dass derSaureakzeptor Natrium- oder Ka- 
llumcarbonat oder -blcarbonat, Trlethylamin oder Pyridin 1st 
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5. Verfahren nach Anspruch 1(a), 2. 3 Oder 4, dadurch gekennzeichnet, dass R fur -CONH 2f Y fur -CrV, 
und R 1 fiir eine Gruppe derfolgenden Formel steht 



6. Verfahren nach Anspruch 1(b), dadurch gekennzeichnet, dass die Hydrolyse mft konzentrierter Schwe- 
felsaure durchgefuhrt wfrd. 

7. Verfahren nach Anspruch 1(d), dadurch gekennzeichnet. dass die Reduktron durch katalytische Hydrie- 
rung erfolgt. 

8. Verfahren nach Anspruch 1(e), dadurch gekennzeichnet dass die Reduktbn durch katalytische Hydrie- 
rung erfolgt. 

9. Verfahren nach elnem der vorhergehenden AnsprUche, dadurch gekennzeichnet, dass das Pyrrol Idlrt- 
Ausgangsmateria! in 3-(R,S)- oder 3S-Form vorliegt. 

Patentanspruche fur folgenden Vertragsstaat : GR 

1. Verfahren zur Herstellung einer Verblndung der Formel: 



Oder eines pharmazeutisch brauchbaren Salzes davon, 

wobei Y eine direkte Bindung, -CH r , -(CH 2 )2-. -CH 2 0- oder -CH2S- ist; R -CN oder -CONH 2 bedeutet; 
und R 1 eine Gruppe der Formel ist: 



worin X und X 1 , unabhangfg voneinander, jeweils O oder CH 2 sind; m fur 1 , 2 oder 3 steht; u nd "Her* Pyridyl, 
Pyrazinyl oderThlenyl Ist; 
gekennzeichnet durch eine derfolganden Sfofen: 
(a) Umsetzen einer Verbindung der Formel: 





(I) 






(II) 



in der R die glelche Bedeutung besitzt wie In Forme! (I); mit einer Verbindung der Formel: 

Q-CH 2 -Y-R\ (III) 
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worin R 1 und Y die gleichen Bedeutungen besitzen wie in Forme! (I); und Q eine Abgangsgruppe tet; 

(b) zur Herstellung einer Verbindung der Formel (I), worin R = -CONH2: Hydrolysieren der entsprechen- 
den Verbindung der Formel (I), worin R = -CN; 

(c) zur Herstellung einer Verbindung der Formel (I), worin Y = -CH r , und R 1 = 2- Oder 4-Pyridyl oder 
Pyrazinyl: Umsetzen einer Verbindung der in Verfahren (a) definierten Formel (II) mit 2- Oder 4-Vinyl- 
pyridin Oder 2-Vinylpyrazin: 

(d) zur Herstellung einer Verbindung der Formel (I), worin R = -CONhfe, und R 1 = 2,3-Dihydrobenzofu- 
ran-5-yl: Reduzieren der entsprechenden Verbindung der Formel (I), worin R = -CONH 2 , und R 1 = Ben- 
zofuran-5-yl; und 

(e) zur Herstellung einer Verbindung der Formel (I), worin R = -CONH2. Y = -Chfe-, und R 1 = 2.3-Dihydro- 
benzofuran-5-yl Oder lndan-5-yl: Reduzieren einer Verbindung der Formel: 



worin R 1 




ist. 

wobei die gestrichelte Linie eine fakultative Bindung bedeutet; 
wobei nach Verfahren (a) bis (d) gegebenenfalls eine Umwandlung des Produktes der Formel (I) in ein 
pharmazeutisch brauchbares Salz erfolgt 

Verfahren nach Anspruch 1(a), dadurch gekennzeichnet, dass Q fur Br, CI, I, C r C 4 -Alkansulfonyloxy, 
Benzolsulfonyloxy, Toluolsulfonyloxy oder Trifluormethansulfonyloxy steht, und dass es in Anwesenhelt 
eines SMureakzeptors durchgefuhrt wird. 

Verfahren nach Anspruch 2, dadurch gekennzelchnet, dass Q fur CI, Br, I oder Methansulfonyloxy steht 

Verfahren nach Anspruch 2 oder 3, dadurch gekennzeichnet, dass der Saureakzeptor Natrium- oder Ka- 
liumcarbonat oder -bicarbonat, Triethylamin oder Pyridin ist 

Verfahren nach Anspruch 1(a), 2, 3 oder 4, dadurch gekennzeichnet, dass R fur -CONH 2 , Y fur -CH2-, 
und R 1 fur eine Gruppe derfolgenden Formel steht 




Verfahren nach Anspruch 1(b), dadurch gekennzeichnet, dass die Hydrolyse mit konzentrierter Schwe- 
felsflure durchgefOhrt wlrd. 

Verfahren nach Anspruch 1(d), dadurch gekennzeichnet dass die Reduktion durch katalytische Hydrie- 
rung erfolgt. 

Verfahren nach Anspruch 1(e), dadurch gekennzeichnet, dass die Reduktion durch katalytische Hydrie- 
rung erfolgt. 



34 



EP 0 3S8 054 B1 



9. Verfahren nach einem der vorhergehenden Anspruche, dadurch gekennzeichnet, dass das Pyrrolidin- 
Ausgangsmaterial in 3-(R,S)- Oder 3S-Form vorliegt. 

5 10. Verbindung der Formel 



10 




O 



-CH.-C - r 



(IV) f 



15 



worin R 1 



20 




oder 



1st, 

vvobei die gestrichelte Llnie eine fakultative Bedingung bedeutet 



30 Revendicationa 

Revendicationa pour lee Etats contractante suivante : AT, BE, CH, DE, DK, FR, GB, IT, LI, LU, 
NL, SE 

35 1. Compose de formule : 



40 






— U) 
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ou sel pharmaceutiquement acceptable d'un tel compose, dans laquelle 
Y est une liaison directe, -ChV, -(CH^ -CH 2 0- ou -CH 2 S- ; 

R rapr£senta -CONH 2 ; 

et 

R 1 est un groupe de formule : 





CCH 2 ) m ou "Het" 



ou 



X et X 1 representent chacun independamment 0 ou CH 2 ; 
m represent© 1, 2 ou 3; 
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et 

"Het n est un groupe pyridyle, pyrazinyle on thi*nyle. 
2. Compost de formule : 




dans laquelle Y et R 1 sont tels que d*f inis dans la revendication 1. 
3. Compos* selon la revendication 1 ou 2, dans lequel R 1 est un groupe de formule : 




ou »Het n 



ou X, R 1 , "Hef et m sont tels que d*flnls dans la revendication 1. 
4. Compos* selon la revendication 3, dans lequel R 1 est un groupe de formule : 




5. Compose selon I'une quelconque des revendlcations precetlentes, dans lequel Y represente une liaison 
directe ou -CH2-. 

6. Compose selon la revendication 5, dans lequel Y represents -CH 2 -. 

7. Compos* selon I'une quelconque des revendications pr*c*dentes, qui est sous la forme 3R,S-(rac*mi- 
que) ou sous la forme 3S. 

8. 3-(R,S)-(1-carbamoy1-1 ^iphenyIm*tryO-1-(2-{2,3^ihydro^ ou 3-<SM-)- 
(1-carbamoy1-1 T 1<liph§nylm§thyO-1-(2-(2,3^lhydroben2oruran^ 

9. Composition pharmaceutique comprenant un compose de formule (I) ou un sei pharmaceutlquement ac- 
ceptable d'un tel compos* selon Tune quelconque des revendications 1 et 3 a 8, et un diluant ou vehicule 
pharmaceutlquement acceptable. 

10. Compos* de formule (I) ou sei pharmaceutiquement acceptable d'un tel compose selon I'une quelconque 
des revendications 1 et 3 ft 8, pour une utilisation comme medicament 

11. Utilisation d'un compos* de formule (I) selon I'une quelconque des revendications 1 et 3 ft 8, ou d'un sei 
pharmaceutlquement acceptable d'un tel compos*, pour la fabrication d'un medicament pour le traitement 
d'une maladie associ*e a une motilit* et/ou au tonus alteres des muscles lisses. 

12. Utilisation selon la revendication 11, dans laquelle la maladie est le syndrome d'intestin irritable ou I'irv 
corttinence. 

13. Compos* de formule : 
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5 




(IV) 



10 dans laquelle R 1 represente 



15 




ou la ligne en pointille est une liaison facultative. 
20 Revendications pour I'Eta? contractarst su&vanft : ES 
1. Precede de preparation d'un compose de formule : 



25 




ou d'un sel pharmaceutiquement acceptable d'un tel compose, dans laquelle 
Y est une liaison directe, -CrV, -{0\i 2 h-» -CH 2 0- ou -CH2S- ; 
R represente -CN ou -CONH 2 ; 

55 et 

R 1 est un groupe de formule : 

jO^ji . XXh- ~ 

ou 

45 X et X 1 represented chacun independamment O ou CH 2 ; 

m represente 1 , 2 ou 3 ; 

et 

"Hef est un groupe pyridyle, pyrazinyle ou thienyle, 
caracterise par Tune des eta pes sufvantes : 
50 (a) la reaction d'un compose de formule : 



65 
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dans laquelle R est tel que def ini pour la formule (I) avec un compose de formule ■ 

Q-CH2-Y-R1 (in) 

2 Z *! I 80 "' te ' S QUe d6fini8 p0ur ,a formu,e W * Q est un groupe labile ; 

(b; pour preparer un compose de formule (I) dans laquelle Rrewesente tomh i-h 

s* correspondent de formule (I) dans laquelle R reprteemeTr? ***** ^ 

(e) pour preparer un compose de formule (I) dans laquelle R represente -CONK, v «nr^„. ™ 




H 2 N 1 Yj-^-C-R 1 ... (rv) 



ou R* represente 



ou la ligne en pointille represente une liaison facultative • 
* Precede selon la revendfeatton 2, caracter.se en ce que Q represente C, Br, , ou me.hanesu.fony.oxy 




n^Sqlr ^ ~* M *" ** ,a - •» oeuvre par hydrege- 
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8. Procede selon la revendication 1 (e), caracterise en ce que la reduction est mise en oeuvre par hydroge- 
nation catalytique. 

9. Procede selon I'une queiconque des revendlcatfons precedentes, caracterise en ce que la mature de de- 
part pyrrolidine est sous la forme 3-(R,S) ou 3S. 

Revendications pour I'Etat contractant suivant : 6R 

1. Procede de preparation d'un compose de formu!e : 




ou d'un sel pharmaceutiquement acceptable d'un tel compose, dans laquelle 
Y est une liaison directe, -Chfe -(CHJr, -CH 2 0- ou -CH 2 S- ; 
R represente -CN ou -CONH 2 ; 

et 

R 1 est un groupe de formule : 




ou 

X et X 1 represented chacun independamment O ou CH 2 ; 
m represente 1 , 2 ou 3 ; 

et 

"Het" est un groupe pyridyle, pyrazinyie ou thienyle, 
caracterise par I'une des etapes suivantes : 
(a) la reaction d'un compose de formule : 




dans laquelle R est tel que defini pour la formule (I) avec un compose de formule : 

Q-CH2-Y-R 1 (III) 
ou R 1 et Y sont tels que definis pour la formule (I) et Q est un groupe labile ; 

(b) pour preparer un compose de formule (I) dans laquelle R represente -CONH2, i'hydrolyse du compo- 
se correspondant de formule (I) dans laquelle R represente -CN ; 

(c) pour preparer un compose de formule (I) dans laquelle Y represente -CH 2 - et R 1 represente un grou- 
ps 2- ou 4-pyridyie ou pyrazinyie, la reaction d'un compose de formule (II) tel que defini dans la partie 
(a) avec la 2- ou 4-vinylpyrldine ou la 2-vinylpyrazine. 

(d) pour preparer un compose de formule (I) dans laquelle R represente -CONH 2 et R 1 est un radical 
2,3-dihydrobenzofuran-5-yle l la reduction du compose correspondant de formule (I) dans laquelle R 
represente -CONH 2 et R 1 est un groupe benzofuran-5-yle ; et 

(e) pour preparer un compose de formule (i) daits tequelle R represents -CO^H 2 , Y represents -CH2- 
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et Ri est un radical 2.3-dihydrobenzofuran-5-yle ou indan-5-yle, la reduction d'un compose de formule : 




(IV) 



oil R 1 represente 



£0 - jOo 



ou la ligne en pointing repr6sente une liaison facultative ; 
lesdits precedes (a) a (d) etant suivis le cas echeant de la transformation du produit de formule <l) en un 
sel pharmaceufjquement acceptable. 

Proc6d6 salon la revendlcatlon 1(a), caracterise en ce que Q reprasente Br, CI, I, (alcane en C,-C 4 )sul- 
fonyloxy, benz6nesulfonyloxy, toluenesulfonyloxy ou trifluorom6thanesulfonyloxy, et en ce qu'il est mis 
en oeuvre en presence d'un accepteur d'acide. 

Proc&le selon la revendication 2, caracterisS en ce que Q represente CI, Br, I ou m&hanesulfonyloxy. 

Proc6de selon la revendication 2 ou 3, caracterise en ce que I'accepteur d'acide est le carbonate ou le 
bicarbonate de sodium ou de potassium, la trfethylamine ou la pyridine. 

Procede selon la revendication 1 (a), 2, 3 ou 4, caracterise en ce que R represente -COHN 2 . Y represente 
-CH 2 - et R 1 est un groupe de formule : 



-0^ 



Procede selon la revendication 1(b) T caracterise en ce que I'hydrolyse est mise en oeuvre avec de I'acide 
sulfurique concentre. 

Procede seion ia revendication 1 (d), caracterfee en ce que la reduction est mise en oeuvre par hydroae- 
nation catalytique. 1 ^ 

Procede selon la revendication 1(e), caracterise en ce que la reduction est mise en oeuvre par hydroqe- 
nation catalytique. 

Procede selon Tune quelconque des revendicatlons precedentes, caracterise en ce que la matlere de de- 
part pyrrolidine est sous la forme 3-(R,S) ou 3S. 

Compose de formule : 
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